Introduction
Plasma cell leukemia (PCL) is a very rare malignancy, with an estimated incidence of approximately 4 cases per 10,000,000 persons per year. 1 In order to standardize criteria for the diagnosis of PCL, in 1974 Kyle et al. have proposed an absolute plasma cell count >2000/ L, or plasma cells comprising >20% of the total white cell count (WBC) in the peripheral blood. 2, 3 There are two forms of PCL: primary (pPCL), which occurs as a de novo presentation of the leukemia, and secondary (sPCL), which is the leukemic transformation of a previously diagnosed multiple myeloma (MM). pPCL accounts for 2-4% of MM cases. 4 The immunophenotype of PCL is typically similar to MM, with cytoplasmic light chain restriction, positivity for CD38 and CD138, and loss of CD19 expression on neoplastic plasma cells. However, in a high proportion of PCLs (80%), plasma cells lack the aberrant CD56 expression. 5 Several studies have shown that both pPCL and sPCL are characterized by an aggressive course, and this has been explained by its association with adverse prognostic factors, such as high tumor mass, extramedullary disease, high serum lactate dehydrogenase (LDH), DNA hypodiploidy, and high-risk molecular and cytogenetic abnormalities. 3, 4, [6] [7] [8] For example, the loss of the tumor suppressor gene TP53 on chromosome 17p13, is a common event, as it is observed in 50% and 75% of pPCL and sPCL, respectively. 9 Overexpression of MYC genes due to copy number alterations in chromosome 8 is also common, and it distinguishes PCL from MM. 10 Gene-expression profiling of 27 patients with pPCL demonstrated a high-risk molecular signature. The differentially expressed genes were those involved in the liver X receptor/retinoic X receptor (LXR/RXR) activation, inositol metabolism, hepatic fibrosis/hepatic stellate-cell activation, and lipopolysaccharide/IL-1-mediated inhibition of RXR function pathways. 11 The prognosis of PCL is very poor, because median overall survival, according to historical data, is 6-12 months, and less than 3 months in patients with the secondary form. 3, 12 There are no consensus guidelines for treating PCL, and there is great variability in clinical practice, due to the rarity of the disorder. Therapy is generally based upon expert opinion, extrapolation from results obtained in patients with MM, and single case reports or small retrospective studies. In the last decade, the therapy of MM has been revolutionized by the introduction of novel agents, which have led to improved outcomes: the proteasome inhibitor bortezomib, approved for the treatment of MM by the U.S. Food and Drug Administration in 2003, and the immunomodulatory drugs (IMiDs) thalidomide and lenalidomide, both approved in 2006, have increased therapeutic response rates and prolonged survival in patients with MM. 13 Here we review the clinical outcomes of PCL in a period when all three drugs were available for being integrated in the treatment of this disease.
Materials and Methods
We identified and reviewed data of all patients with a diagnosis of PCL followed at the Myeloma Clinic of the Penn State Cancer Hershey Cancer Institute between January 2006 and December 2011. We compared their clinical and laboratory features with those of 313 consecutive MM patients seen in the same period. Response criteria were defined as previously published. 14 High-risk cytogenetics were defined as the presence of a complex kariotype or monosomy 13 at metaphase cytogenetics, or the presence of 17p-or translocation t(4;14) at fluorescence in situ hybridization. Statistical analysis was conducted using Minitab 16 Statistical Software 2010 (Minitab, Inc., State College, PA). Event-free survival and overall survival (OS) were calculated from the time of PCL diagnosis, unless otherwise specified. The method of Kaplan and Meier was used to compute the survival curves and to estimate median survival. The differences in survival curves were tested with the logrank method. P<0.05 was considered statistically significant.
tics at baseline are shown in Table 1 . The median time between the initial diagnosis of MM and the development of sPCL was 28 months (range, 24-34 months). Median WBC count in the peripheral blood was 12¥10 3 / L (range, 7-48), with a median % of plasma cells 31 (range, 14-89). When defining hypercalcemia as serum calcium level ≥12.0 mg/dL, ane mia as hemoglobin ≤10.0 g/dL, and renal insufficiency as serum creatinine ≥ 2.0 mg/dL, following the thresholds indicated by the Durie-Salmon classification, 15 we did not find statistically significant differences in rates of hypercalcemia, anemia, and renal insufficiency between PCL and MM. The paraprotein secreted by the PCL plasma cells was IgG (8 pts), IgG (3 pts), , IgA (1 pt), IgE (1 pt), light chain (2 pts), and light chain (2 pts). Highrisk cytogenetics were present in 9 of 16 (56%) evaluable cases (Table 1) , and cyclin D1 amplification, assessed by immunohistochemistry staining, was positive in 6 of 9 (67%) evaluable cases.
Treatment included thalidomide-based regimen (9 pts, 53%), lenalidomide-based regimen (9 pts, 53%), bortezomib-based regimen (15 pts, 88%), single autologous stem cell transplantation (SCT) (4 pts, 24%), tandem autologous SCT (4 pts, 24%), and allogeneic SCT (2 pts, 12%). Response rate (RR) to first-line therapy, defined as PR or better, was seen in 14 patients (82%), and nCR/CR was obtained in 4 patients (24%). Median progression-free survival after the initial induction therapy was 10 months (range, 2-63), and 1.2 months (range, 0.5-8.8) in pPCL and sPCL, respectively (P=0.0011). The median OS for all patients was 18 months (95% C.I., 11-21 months), and 21 and 4 months in pPCL and sPCL, respectively (p=0.0154). Median OS in patients with sPCL, when calculated from the initial diagnosis of MM, was 31 months (95% confidence interval, 28-46). Median OS in the whole group of PCL was not only inferior to that observed in 313 consecutive MM patients treated in the same period (91 months, P<0.01), but also inferior to the median OS in a subgroup of 47 consecutive MM patients with high-risk cytogenetics (44 months, P<0.01) ( Figure 1A) . OS was similar between pPCL and high-risk MM ( Figure 1B) . After a median follow-up of 25 months, 11 patients with PCL (65%) were dead, and the cause of death was progressive disease in 10 pts, and transplant-related mortality in 1 pt.
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Discussion
Our retrospective analysis of 17 patients with PCL showed that some of the clinical characteristics of PCL are similar to those of MM (e.g., age, gender, incidence of EMD, and type of paraprotein secreted by the neoplastic cells), whereas others have a different distribution. Among the typical CRAB symptoms of MM (i.e., hypercalcemia, renal insufficiency, anemia, and bone lesions), only the presence of osteolytic lesions was different, with a lower prevalence in PCL (P borderline at 0.05). This can be explained by the fact that PCL cells leave the bone marrow and enter the peripheral circulation before forming bone tumors, presumably because of a loss of homing signal in the bone marrow. The higher levels of serum beta-2-microglobulin and LDH seen in PCL are also expected, due to the rapid proliferation of the neoplastic clone, as seen in acute leukemias. Other groups have reported a higher proportion of a paraprotein consisting of light chain or less common isotypes in PCL (e.g., IgD, and IgE) when compared with MM, 3, 9 but we did not observe this association. We confirmed the higher proportion of high-risk cytogenetics, observed by others. 4, 9 It seems that this finding alone does not explain by itself the poor prognosis of PCL, because the Kaplan-Meier estimates of PCL vs high-risk MM does show an inferior survival for PCL, as shown in Figure 1A .
Our study is limited by its retrospective nature and the small sample size, which is due to the rarity of PCL. Moreover, the treatment received by our patients was heterogeneous. We report a median OS of 18 months in the era of novel agents, which is higher than that historically seen in the medical literature, and not very different from the 23.6 months reported by the University of South Florida in 25 consecutive PCL patients, 16 and from the 22 months seen in 27 patients treated at the University of Arkansas with the Total Therapy approach. 11 Obviously, it is difficult to separate the benefit conferred by the use of novel agents over SCT, as many of our patients received both. The outcomes of PCL observed in the past were poor. The combination of melphalan and prednisone, one of the old standards of care, produced a RR of 17% and a median OS of only 3 months in PCL. 3 Intravenous chemotherapy with vincristine, adriamycin, and dexamethasone, another old standard of care, or highdose cyclophosphamide and etoposide, increased RR and prolonged median OS to 15-20 months at the cost of significant toxicity. 3, 4, 9 The novel agent bortezomib has improved RR but not OS: in a study of 12 PCL patients, the use of bortezomib was associated with a very high RR (92%), but median OS was only 12 months. 17 As for the IMiDs, the activity of thalidomide has been disappointing, after a series of 5 cases found no responses and a median OS of 2 months, 18 whereas the experience with lenalidomide is too premature to draw conclusions. 19, 20 Regarding SCT, the Mayo Clinic in Florida reported a median OS of 34 months. 9 The largest cohort of patients with pPCL treated with autologous SCT was published by the European Group for Blood and Marrow Transplantation. 21 This retrospective study showed median PFS and OS of 14.3 and 25.7 months, respectively. As for allogeneic SCT, its role remains controversial, because decreased rates of PCL relapse are paid at the cost of transplant-related mortality and morbidity. A large retrospective series of 50 pts with pPCL treated with allogeneic SCT found a 3-year PFS and OS of 20% and 39%, respectively. 22 However, we should interpret all these reports with caution, because they did not include consecutive patients -as in our studyand selection bias is likely present (e.g., patients with better performance status, younger, and with chemotherapy-responsive PCL).
Although outcomes of patients with PCL appear to be improved with the availability of novel agents, the results are not outstanding. These patients respond very well to the initial induction therapy (82% RR in our cohort), but they relapse quickly, and the proportion of long-term survivors and operative cure is negligible. The novel agent do not overcome the negative prognosis of PCL as compared with MM, and more research is need, not only in terms of available therapies, but also for identifying specific molecular pathways responsible for the neoplastic transformation of PCL cells. Even the definition of PCL may need to be revised in the future: we need to recognize that monoclonal PCs circulate in the peripheral blood even in patients without PCL, and 80% of patients with untreated MM harbor circulating PCs, with a median of 6% PCs. 23 Therefore, the degree of peripheral blood involvement by monoclonal PCs constitutes a continuous curve, and the current thresholds used to define PCL are purely arbitrary.
Conclusions
We can speculate that PCL and MM are, in fact, the same disease, with PCL being an acute presentation of MM with aggressive biological features. 24 According to this view, pPCL resembles those cases of acute leukemias that are found to be blastic crises of chronic myelogenous leukemias presenting de novo. Therefore, in our opinion, instead of differentiating between PCL and MM, it would be more appropriate to distinguish, as in leukemias, chronic myelomas, with relatively indolent course, and acute myelomas (or blastic crisis of MM), characterized by unfavorable biologic features and a more rapidly fatal course.
